Where do these relationships come from?
The relationships in Table 1 are derived from three basic formulae:
(1) The formula giving beam velocity (cβ) in terms of orbit length (L) and revolution frequency (f):
(2) The relationship between particle momentum, magnetic field, and the radius of curvature (ρ) of the particle trajectory in a dipole field:
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2 (3) The definition of γ t (transition γ):
This definition is only valid for constant field (i.e. dB = 0).
Relationship Number 1
The differential of equation (1) is:
The beam momentum and its differential are related to β and dβ as follows:
Substituting dβ/β from equation (5) into equation (4) gives:
This is relationship number 1 in Table 1 . It turns out to be nothing more exciting than simple kinematics.
Relationship Number 2
The second formula in Table 1 follows from equations (2) and (3). Taking differentials of both sides of (2) gives: d dp dB p B
Differential relationship 2 in Table 1 is obtained after one determines the relationship between dρ/ρ and dL/L. It is clear that dρ/ρ and dL/L are proportional to one anotherthe question is: 'What is the constant of proportionality?' Temporarily calling the constant of proportionality K, equation (7) becomes:
When dB/B = 0 equation (8) dL dp dB L p B
This is identical to the second differential relationship in Table 1 .
Relationship Number 3
The third relationship in Table 1 follows from the first two. Solving equations (6) and (9) for dL/L gives: 2 2 2 2 1 1 1 t t t dp df dp dB p f p B dB df dp B f p (10)
Relationship Number 4
The last relationship in Table 1 is similarly obtained. Eliminating dp/p in equations (6) and (9) gives:
Special Cases
Several useful special cases of these relationships will be considered here.
B = Constant
For the special case of constant field, formula number 3 in Table 1 gives: 2 2 2 2 1 t t df dp f p dp p (12) η is the so-called "slip factor", the definition of which is: 
